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from the late Miocene of the Northern Caucasus: 
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ABSTRACT
A new record of the genus Naja Laurenti, 1768  is described from the latest Miocene of Solnechno-
dolsk locality in Russia. It is assigned to N. romani (Hoff stetter, 1939), the largest European cobra, 
which disappeared in Europe before the end of the Miocene. Th e record of N. romani is the fi rst 
evidence of the survival of cobras to the latest Miocene of Eastern Europe, which points to the ex-
istence of a Caucasian refugium during the late Miocene. Th e large size of the vertebra of the cobra 
from Solnechnodolsk indicates that it belonged to one of the largest specimens of this taxon. Naja 
romani from Solnechnodolsk represents the fi rst record of cobras in Russia and the Northern Black 
Sea area, contributing to the knowledge of ancient biodiversity of the region and suggesting a wider 
range for the genus. Naja romani was a thermophilous snake that indicates a subtropical character 
of the Solnechnodolsk fauna.
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RÉSUMÉ
Naja romani (Hoff stetter, 1939) (Serpentes: Elapidae) du Miocène supérieur du Caucase du Nord : le der-
nier grand cobra d’Europe de l’Est.
Une nouvelle occurrence du genre Naja Laurenti, 1768  est signalée dans le Miocène supérieur de la 
localité de Solnechnodolsk en Russie. L’espèce est attribuée à N. romani (Hoff stetter, 1939), le plus 
grand cobra européen, qui aurait disparu en Europe avant la fi n du Miocène. L’enregistrement de 
N. romani est la première preuve de la survie des cobras dans le Miocène supérieur d’Europe de l’Est, 
ce qui indique l’existence d’un refuge caucasien pendant le Miocène supérieur. La grande taille de la 
vertèbre du cobra de Solnechnodolsk indique qu’elle appartenait à l’un des plus grands spécimens 
de ce taxon. Naja romani de Solnechnodolsk représente ainsi la première occurrence de cobras en 
Russie et dans la région nord de la Mer Noire. Ce résultat contribue à la connaissance de la paléo-
biodiversité de la région et suggère une extension de l’aire de répartition de ce serpent. Naja romani 
était un serpent thermophile, ce qui indique le caractère subtropical de la faune de Solnechnodolsk.

INTRODUCTION

Cobras (family Elapidae) do not currently inhabit the Euro-
pean continent, but are densely documented in the Neogene 
European fossil record (Szyndlar 1985; Szyndlar & Rage 
1990; Szyndlar & Zerova 1990; Szyndlar 1991). According 
to traditional morphology-based hypothesis, the European 
fossil cobras belong to the living genus Naja Laurenti, 1768, 
which can be divided into two lineages: a) extant African spe-
cies and the Miocene N. antiqua Rage, 1976 from Africa and 
N. iberica Szyndlar, 1985 from Spain; and b) extant Asiatic 
species and the Miocene N. romani (Hoff stetter, 1939) from 
Austria, Germany, Greece, Hungary, France, and Ukraine 
(Szyndlar & Rage 1990). However recent molecular studies 
announced a diff erent scenario (Quadros et al. 2019). Th e fi rst 
probable elapid snakes that appeared in Europe were the large-
sized cobra Naja romani. Th is species was originally described 
from the middle Miocene (MN 7+8) of La Grive-Saint-Alban 
in France (Hoff stetter 1939) and later was widely reported 
from ophidian assemblages extending from the early (MN 4) 
to the late (MN 11) Miocene (Bachmayer & Szyndlar 1985; 
Szyndlar & Rage 1990; Szyndlar & Schleich 1993). Apart 
from the type locality, remains of Naja romani come from the 
early Miocene (MN 4) of Petersbuch 2 in Germany (Szynd-
lar & Schleich 1993), middle Miocene (MN 5) of Grund 
in Austria (Tempfer 2003), late Miocene (MN 9) of Gritsev 
in Ukraine (Szyndlar & Zerova 1990), late Miocene (MN 
9) of Rudabánya in Hungary (Szyndlar 2005), and the late 
Miocene (MN 11) of Kohfi disch in Austria (as N. austriaca; 
Bachmayer & Szyndlar 1985, 1987; as N. romani; Szyndlar & 
Zerova 1990; Tempfer 2005). Th e latter record of Naja from 
Kohfi disch were described as a new extinct species, N. austriaca 
Bachmayer & Szyndlar, 1985 (Bachmayer & Szyndlar 1985). 
Later, based on detailed examination of the collection from 
Kohfi disch and its comparison with the type material of N. 
romani from La Grive-Saint-Alban, Szyndlar & Zerova (1990) 
synonymized N. austriaca with N. romani. Remains of cobras 
assigned to Naja cf. romani are known from the early/middle 
Miocene (MN 4/5) of Vieux-Collonges in France (Ivanov 
2000) and from the late Miocene (MN 10) of Greece (Ravin 
de la Pluie; Georgalis et al. 2018). During the late Pliocene 
cobras were still present in Europe and western Asia, but their 

distribution was restricted to the west (Spain and France) 
and east (Greece and Turkey) of the Mediterranean region, 
where they are documented only by few isolated vertebrae 
of Naja sp. (Rage & Sen 1976; Jaen & Sanchiz 1985; Bailon 
1989, 1991; Szyndlar & Zerova 1990; Szyndlar & Rage 1990, 
Szyndlar 1995; Bailon & Blain 2007; Georgalis et al. 2018, 
2019). In Europe Naja romani disappeared entirely before the 
end of the Miocene. Accordingly, the geologically youngest 
record of N. romani comes from the MN 11 of Kohfi disch 
(Bachmayer & Szyndlar 1985, 1987) and this species is not 
known after the middle late Miocene.

Below we describe a specimen of cobra from the latest 
Miocene (late Turolian, MN 13) of the Northern Caucasus 
(locality of Solnechnodolsk). Th is record represents the lat-
est record of Naja romani and enlarges the geographic and 
geological range of this species. 

MATERIAL AND METHODS

Th e vertebra of Naja romani described below comes from 
Solnechnodolsk locality (45°18’N, 41°33’E; Fig. 1) situated in 
the Northern Caucasus, 40 km NW of the city of Stavropol. 
Th e locality yielded one of the most abundant and diverse 
vertebrate faunas of the late Miocene in Russia. Th e verte-
brate fossils occurred as disassociated bones coming from 9 
m thick section of a fl uviatile and lacustrine silty and sandy 
beds incised in the Middle Sarmatian (Bessarabian) marine 
sands and limestones. Bone accumulations occur at the top of 
the section in lenses of silty sands, locally enriched in gravel 
size carbonate concretions. Th e fossil herpetofauna have been 
partly described (Syromyatnikova et al. 2015; Čerňanský et al. 
2018; Syromyatnikova 2019; Čerňanský & Syromyatnikova 
2019a, b) and preliminary accounts of the vertebrate fauna 
were given by Tesakov et al. (2010, 2013) and Titov & Tesa-
kov (2013). Th e small mammals association with dominant 
Psudocricetus cf. kormosi and Apodemus cf. gorafensis indicates 
the correlation of the Solnechnodolsk fauna with late Turo-
lian and the MN13 unit of the European Neogene Mammal 
biochronological system. Th e composition of the typical Hip-
parion association of large and small verterbrates testifi es to 
the presence of a savanna-like landscape with diff erent steppe, 
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wooded, and riparian biotopes. Th e vertebra of Naja romani 
here described was collected in 2009 by the expedition of the 
Russian Academy of Sciences. Th e specimen was found dur-
ing the screen-washing of fossiliferous deposits. Th e degree 
of fossilization is the same as in other numerous bone fi nds 
from the locality. Th e specimen was photographed using the 
ZEISS Stemi 508 microscope in the Paleontological Institute 
of the Russian Academy of Sciences in Moscow (Russia). Th e 
general osteological terminology follows Szyndlar (1985). Th e 
terminology for portions of the snake vertebral column follows 
Polly et al. (2001) who distinguished precloacal (body) and 
postcloacal (tail) vertebrae. We herein follow the traditional 
view that the Neogene cobras from Europe are assigned to 
the single genus Naja. Th e described fossil material of Naja 
romani is deposited in the Geological Institute of the Russian 
Academy of Sciences, Moscow (GIN hereafter).

SYSTEMATIC PALAEONTOLOGY

Order SQUAMATA Oppel, 1811
Suborder SERPENTES Linnaeus, 1758

Family ELAPIDAE Boie, 1827
Genus Naja Laurenti, 1768

Naja romani (Hoff stetter, 1939)
(Fig. 2)

MATERIAL EXAMINED. — One precloacal vertebra GIN 1145/305, 
Solnechnodolsk locality, Northern Caucasus, Russia; late Turolian, 
MN 13.

DESCRIPTION

Th e vertebra is large and robust with a centrum length of 
9.2 mm and width of 9.7 mm. Th e CL/NAW (centrum length/
width of interzygapophyseal constriction) ratio is 0.95. Th e 
constriction between the pre- and postzygapophyses is weakly 
developed. From the ventral view, the subcentral ridges are 
well developed and relatively straight. Th e subcentral grooves 

are deep. Th e hypapophysis is very long and laterally com-
pressed. It is directed ventrally and slightly posteriorly, with 
its posterior tip being obtuse and protruding posteriorly to 
the level of the condyle. Th e neural spine is relatively long 
and low, and incomplete in its mid length. Th e neural arch is 
markedly vaulted. Th e synapophyses are broken, but the left 
parapophyseal process is partly preserved and projected ante-
riorly and slightly ventrally. Th e zygosphenal roof is concave 
in dorsal view, presenting a small prominence in the middle 
of its width that can be considered as minute median lobe. In 
anterior view, the zygosphenal roof is straight. Th e prezygapo-
physeal articular facets are nearly circular. Th e prezygapophyseal 
process is missing on the left side, but completely present on 
the right side where it is well developed and relatively long 
(about half as long as the prezygapophyseal articular facet). It 
is obtuse distally. Th e postzygapophyseal articular facets are 
nearly rounded. Th e cotyle is slightly dorsoventrally compressed 
whereas the condyle is circular. Th e subcentral, lateral, and 
paracotylar foramina are clearly visible. Th e lateral and para-
cotylar foramina are situated in deep and wide depressions.

COMPARISON AND REMARKS

Th e presence of hypapophysis is a typical distinctive feature 
for snakes of the families Natricidae, Viperidae, and Elapidae 
(Szyndlar 1991). Th us, the vertebra GIN 1145/305 can be 
assigned to one of these groups. Th e large size, robustness, and 
inclination of hypapophysis (directed ventrally rather than 
postero-ventrally) preclude the attribution of GIN 1145/305 
to Natricidae. Th e shape and inclination of hypapophysis 
in GIN 1145/305 correspond to that of the vertebrae of 
Viperidae, however the vertebrae of the latter group have a 
dorso-ventrally depressed neural arch and larger cotyle and 
condyle. Th e laterally compressed hypapophysis and the very 
low neural spine observed in GIN 1145/305 are characteristic 
of Elapidae and “Naja group” (Szyndlar 1991). Elapid fossil 
fi nds often off er, well preserved cranial elements, which are 
useful keys for determining the fossil species. Accordingly, 
isolated elapid vertebrae are not very informative. Naja romani 
is currently the only recognized species of Naja in Central and 

Solnechnodolsk

Black Sea

Sea of 
Azov

FIG. 1 . — Location of the Solnechnodolsk locality.
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Eastern Europe (a possible alternative opinion was announced 
by Quadros et al. 2019). Th e material herein can be assigned 
to N. romani based on long prezygapophyseal processes and 
presence of the concave zygosphene with minute median lobe. 
Th e vertebra likely comes from the anterior precloacal region 
of the vertebral column based upon the relatively vaulted 
neural arch and the morphology of the hypapophysis, which 
is directed rather ventrally than postero-ventrally. 

Th e precloacal vertebrae of N. romani are well described from 
Kohfi disch, Petersbuch 2 and Vieux-Collonges. In contrast to 
the precloacal vertebrae of N. romani from Kohfi disch (origi-
nally described as N. austriaca Bachmayer & Szyndlar, 1985  
and synonymized with N. romani by Szyndlar & Zerova in 
1990), in the vertebra from Solnechnodolsk the neural arch is 
vaulted and the hypapophysis is narrower and more ventrally 
directed. Th e vertebra from Solnechnodolsk is more similar 
to the vertebra of N. romani described as cervical (Szyndlar 
1985: fi g. 5.9) in direction of the hypapophysis, but the latter 
one is widely rounded distally in lateral view. 

Th e material attributed to N. romani from Petersbuch 2 
presents several precloacal vertebrae (Szyndlar & Schleich 
1993). Among them, the vertebra from Solnechnodolsk is 
most similar to those described as anterior cervical vertebrae 
(Szyndlar & Schleich 1993: fi g. 7C-D) in presenting a slender 
hypapophysis. However, the vertebra from Solnechnodolsk 
diff ers from the anterior cervical from Petersbuch 2 in retain-
ing a more anteriorly directed parapophyseal process. Th e 
vertebra from Solnechnodolsk is also similar to the anterior 
precloacal vertebra of Naja cf. romani from Vieux-Collonges 
(Ivanov 2000: fi g. 12A-D). However, the vertebra from Solne-
chnodolsk clearly diff ers from all known precloacal vertebrae 
of Naja romani in having less developed interzygapophyseal 
constriction. Th e only exception is the vertebra with poorly 
developed interzygapophyseal constriction from Kohfi disch 
fi gured by Tempfer (2005: pl. 10a-d). In having the poorly 
developed interzygapophyseal constriction the vertebra from 
Solnechnodolsk is more reminiscent of Naja from the late 
Pliocene of Tourkobounia 1 (Greece; Szyndlar & Zerova 
1990). Among the other species of Naja, precloacal vertebrae 
were described for N. iberica (Szyndlar 1985). Th e vertebra 
from Solnechnodolsk diff ers from anterior precloacal vertebrae 
of N. iberica in having a distally pointed hypapophysis and 
from posterior precloacal vertebrae in having a more obtuse 
prezygapophyseal processes.

It is worth noting that intracolumnar variation of some 
precloacal vertebrae of Naja romani was mentioned by Szynd-
lar & Zerova (1990) and Szyndlar (2005). Th ere is no doubt 
that intracolumnar variation is also present in the anterior 
precloacal region, though it is not described due to the scarcity 
of the material. Until new material from diff erent vertebral 
regions are discovered for N. romani, we consider the above-
mentioned variations of Naja from Solnechnodolsk (poorly 
developed interzygapophyseal constriction and morphology 
of the hypapophysis) to be intracolumnar variations.

DISCUSSION

Th e elapid record described above is represented by a single 
vertebra, but its systematic assignment to Naja romani is 
supported by characteristic morphology with long prezyga-
pophyseal processes and presence of the concave zygosphene 
with minute median lobe. Th e vertebra comes from anterior 
precloacal region of the vertebral column. However, it diff ers 
from other known anterior precloacal vertebrae of Naja romani 
in its poorly developed interzygapophyseal constriction and the 
morphology of the hypapophysis (see section Comparison and 
Remarks above) possibly refl ecting intracolumnar variations.

Th e centrum length of Solnechnodolsk vertebra is 9.2 mm 
with a CL/NAW ratio of 0.95, that is only slightly smaller 
than the size of the largest precloacal vertebrae from Kohfi disch 
which has a centrum length ranging between 9.53 and 10.80 
mm and a centrum length/width ratio of 0.82-0.99 (Bach-
mayer & Szyndlar 1985). Th e smaller sizes were indicated for 
precloacal vertebrae from Petersbuch 2, with centrum lengths 
ranging between 6.4 and 9.3 mm and centrum length/width 
ratios of 1.0–1.4. Th e vertebrae from Petersbuch 2 are close 
in length and proportions to vertebrae from Vieux-Collonges, 
with centrum lengths ranging between 6.21 and 8.75 mm 
and centrum length/width ratios of 1.01-1.28. Given that 
the vertebra from Solnechnodolsk comes from anterior pre-
cloacal region, the more posterior precloacal vertebrae of this 
animal were apparently larger and closer in size to the largest 
precloacal vertebrae from Kohfi disch.

Th e above listed data on sizes of vertebrae apparently show 
that the vertebrae from the late Miocene of Kohfi disch (MN 11) 
are somewhat larger and wider than the vertebrae from the 
early/middle Miocene of Petersbuch 2 (MN 4) and Vieux-
Collonges (MN 4/5). Th e late Miocene N. romani from 
Ravin de la Pluie (MN 10) also retained relatively large-sized 
vertebrae (about 10 mm). Th e Naja sp. from Maramena (MN 
13), which possibly also belongs to N. romani, has a centrum 
length of c. 11 mm (estimated based on Szyndlar 1995). Th e 
Pliocene Naja seemingly varies in size: the Tourkobounia 1 
(MN 16) specimen has a centrum length of about 8 mm and 
the specimen from Çalta (MN 15) has a centrum length of 
about 11 mm. We can therefore assume that N. romani grew 
larger through the Miocene and reached its largest size in the 
latest Miocene with the cobra from Solnechnodolsk being one 
of the largest specimens of this species.

Th e Naja from Solnechnodolsk fi ts well the scenario of 
extirpation from Europe of the elapid snakes at the end of the 
Miocene as a result of the climatic deterioration (Szyndlar & 
Rage 1990; Ivanov 2001). Although the cobras (as Naja sp.) 
are still present in the Pliocene of west (Spain and France) 
and east (Greece and Turkey) of the Mediterranean region, 
the large-sized Naja romani disappeared entirely before the 
end of the Miocene in Europe. Remains of this fossil cobra 
are well known from several European countries from the 
period between the early (MN 4) through the late (MN 11) 

FIG. 2 . — The precloacal vertebra of Naja romani (Hoffstetter, 1939) from Solnechnodolsk locality in dorsal (A), ventral (B), left lateral (C), right lateral (D), anterior 
(E) and posterior (F) views. Scale bar: 5 mm.
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Miocene. Previously, the geologically youngest record of Naja 
romani was from the late Miocene (MN 11) of Kohfi disch 
(Bachmayer & Szyndlar 1985). Th e Naja from Solnechnodolsk 
comes from the terminal Miocene (MN 13) and represents 
the last known record of the species. Being represented by the 
single vertebra among numerous fossils in Solnechnodolsk 
(more than 500 amphibian and reptile remains, personal 
data), Naja appears to be already sparse in the herpetofaunal 
assemblages during the end of the Miocene. Nevertheless, this 
record is the fi rst evidence of the survival of the species until 
the end of the Miocene in Europe, a time of the Messinian 
salinity crisis in the Mediterranean region, and a vast marine 
transgression of the lower Pontian in the Eastern Paratethys 
area. Th e late Miocene is marked by climatic changes which 
aff ected the snake faunas (Rage 2013). Although climatic con-
ditions remained warm during the Turolian (MN 11-MN 13 
mammalian biozones), the snake faunas became less rich and 
regionalization occurred. In Central Europe, the warm period 
ended during the middle Miocene and the drop in temperature 
marked the beginning of climatic zonation. Local extinctions 
occurred in northern areas whereas some thermophilic species 
survived in the southern regions of Europe (Rage 2013). Naja 
disappeared from Central and Eastern Europe, but it appears 
to have survived into the latest Miocene and Pliocene in the 
Western (Spain and France) and Eastern (Greece, Turkey, and 
Northern Caucasus) Mediterranean area. Th e only reported 
Pleistocene cobra described as Naja sp. from Chios (Schnei-
der 1975) apparently belongs to a natricine snake (Szyndlar 
1991). Th e latest Miocene and the Pliocene cobras of Spain 
have undoubtedly an African origin and reached the Iberian 
Peninsula at the time of the Messinian crisis (Szyndlar 1985). 
Th e same is probably true for the Pliocene Naja from the 
southern France. Th e record of cobra from Solnechnodolsk 
points to the existence of the Caucasian refugium where this 
snake apparently survived into the latest Miocene. Apart from 
cobra, Solnechnodolsk retained other reptile taxa such as 
amphisbaenians, Varanus sp., Anguis cf. rarus, Ophisaurus cf. 
spinari (Čerňanský et al. 2018), which also disappeared from 
Central Europe before the end of the Miocene.

Th e Naja record is a new element for Solnechnodolsk 
fauna, which includes about 30 amphibian and reptile taxa 
(Čerňanský et al. 2018; Čerňanský & Syromyatnikova 2019a, 
b; Syromyatnikova, pers. observ.). It also represents a fi rst 
record of cobra for Russia and for the Northern Black Sea area 
that signifi cantly contributes to the knowledge on the ancient 
biodiversity of the region and suggests a wider geographic 
range of the genus. Naja romani is evidently a thermophilous 
snake. Although Asian affi  nities are suggested for Naja romani, 
nothing is known about ecological preferences of this extinct 
cobra. Most living members of the genus Naja inhabiting the 
Asiatic continent today are highly thermophilous (Szyndlar 
2009). However, N. oxiana, the Caspian cobra, is adapted 
to more severe climatic conditions. Together with the occur-
rence of Varanus sp., suggesting a mean annual temperature 
not less than 15°C (Böhme 2003; Čerňanský et al. 2018), the 
record of Naja indicates subtropical climatic conditions for 
the squamate fauna of Solnechnodolsk. 
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